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[0001] This application claims the benefit of Korean Patent Application No. P2003- 
99806, filed on December 30, 2003, which is hereby incorporated by reference for all 
purposes as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] This invention relates to an electro-luminescence display (ELD), and more 
particularly to an electro-luminescence display device and a driving method thereof wherein 
pixel cells are pre-charged by a voltage to thereby display a picture having a desired gray 
level. 

Description of the Related Art 

[0003] Recently, various flat panel display devices with reduced weight and bulk 
have been developed that eliminate various disadvantages of displays employing cathode ray 
tubes (CRT). Such flat panel display devices include liquid crystal displays (LCD), field 
emission displays (FED), plasma display panels (PDP) and electro-luminescence (EL) 
displays, etc. 

[0004] The EL display is a self-luminous device capable of causing a phosphorous 
material to emit light by a re-combination of electrons with holes. There are two types of EL 
displays depending upon the material and structure used: inorganic and organic. The EL 
display has the advantage of a CRT in that it has a faster response speed than a passive-type 
light-emitting device requiring a separate light source like the LCD. 

[0005] Fig. 1 is a sectional view of a related art organic EL structure to explain the 
light-emitting principles of the EL display device. 

[0006] Referring to Fig. 1, the organic EL device of the EL display (ELD) includes an 
electron injection layer 4, an electron carrier layer 6, a light-emitting layer 8, a hole carrier 
layer 10’ and a hole injection layer 12 that are sequentially disposed between a cathode 2 and 
an anode 14. 

[0007] If a voltage is applied between the anode 14, which may be a transparent 
electrode and the cathode 2, which may be a metal electrode, then electrons produced at the 
cathode 2 are moved, via the electron injection layer 4 and the electron carrier layer 6, into 
the light-emitting layer 8, while holes produced at the anode 14 are moved, via the hole 



2 



DC;502692I2.I 




PATENT 

8733.1032.00 



injection layer 12 and the hole carrier layer 10, into the light-emitting layer 10. Thus, the 
electrons and the holes fed from the electron carrier layer 6 and the hole carrier layer 10 
collide at the light-emitting layer and recombine to emit light via the transparent electrode 
(i.e., the anode 14) to thereby display an image. 

[0008] Fig. 2 shows a related art active matrix type EL display device. 

[0009] Referring to Fig. 2, the related art active matrix type EL display device 
includes an EL display panel 16 with pixel (PE) cells 22 arranged at each crossing between 
gate electrode lines GL and data electrode lines DL, a gate driver 18 that drives the gate 
electrode lines GL, a data driver 20 that drives the data electrode lines DL, and a timing 
controller 24 that controls the gate driver 1 8 and the data driver 20. 

[0010] The timing controller 24 controls the data driver 20 and the gate driver 18. The 
timing controller 24 applies various control signals to the data driver 20 and the gate driver 
1 8. Further, the timing controller 24 re-aligns data and supplies the aligned data to the data 
driver 20. 

[0011] The gate driver 18 sequentially applies a gate signal to the gate electrode lines 
GL under the control of the timing controller 24. 

[0012] The data driver 20 applies video signals to the data electrode lines DL under 
the control of the timing controller 24. The data driver 20 applies one horizontal line of a 
video signal at a time to the data electrode lines DL once every horizontal synchronization 
period (H) when a gate signal is applied. 

[0013] The PE cells 22 generate light corresponding to the video signals {i.e., current 
signals) applied to the data electrode lines DL to thereby display an image corresponding to 
the video signals. As shown in Fig. 3, each PE cell 22 includes a light-emitting cell driving 
circuit 30 to drive a light-emitting cell organic light emitting diode (OLED) in response to a 
driving signal supplied from each of the data electrode lines DL and the gate electrode lines 
GL, and a light-emitting cell OLED connected between the light-emitting cell driving circuit 
30 and the ground voltage source GND. 

[0014] The light-emitting cell driving circuit 30 includes a first driving thin film 
transistor (TFT) T1 connected between the supply voltage line VDD and the light-emitting 
cell OELD, a first switching TFT T3 connected between the gate electrode line and the data 
electrode line DL, a second driving TFT T2 connected between the first switching TFT T3 
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and the supply voltage line VDD to form a current mirror circuit with respect to the driving 
TFT Tl, a second switching TFT T4 connected between the gate electrode line GL and the 
second driving TFT T2, and a storage capacitor Cst connected between a node positioned 
between the first and second driving TFTs Tl and T2 and the supply voltage line VDD. By 
way of example, the TFTs are a p-type electron metal-oxide semiconductor field effect 
transistor (MOSFET). 

[0015] A gate terminal of the first driving TFT Tl is connected to the gate terminal of 
the second driving TFT T2; a source terminal thereof is connected to the supply voltage line 
VDD; and a drain terminal thereof is connected to the light-emitting cell OLED. A source 
terminal of the second driving TFT T2 is connected to the supply voltage line VDD, and a 
drain terminal thereof is coimeeted to a drain terminal of the first switching TFT T3 and a 
source terminal of the second switching TFT T4. 

[0016] A source terminal of the first switching TFT T3 is connected to the data 
electrode line DL, and a gate terminal thereof is coimected to the gate electrode line GL. A 
drain terminal of the second switching TFT T4 is connected to the gate terminals of the first 
and second driving TFTs Tl and T2 and the storage capacitor Cst. A gate terminal of the 
seeond switching TFT T4 is cormected to the gate electrode line GL. 

[0017] Herein, the first and second driving TFTs Tl and T2 are connected to each 
other in such a manner to form a current mirror. Thus, assuming that the first and second 
driving TFTs Tl and T2 have the same channel width, a current flowing in the first driving 
TFT Tl is set to be equal to a current flowing in the second driving TFT T2. 

[0018] The operation of the light-emitting cell driving circuit 30 will be described 

below. 

[0019] First, a gate signal is applied from the gate electrode line GL to a group of PE 
cells 22 along a horizontal line. When the gate signal is applied, the first and second 
switching TFTs T3 and T4 are turned on. When the first and second switching TFTs T3 and 
T4 are turned on, a video signal from the data electrode line DL is applied, via the first and 
second switching TFTs T3 and T4, to the gate terminals of the first and second driving TFTs 
Tl and T2. The first and second driving TFTs Tl and T2 supplied with the video signal are 
turned on. Herein, the first driving TFT Tl controls a current flowing from its source terminal 
(i.e., VDD) into its drain terminal in response to the video signal applied to its gate terminal 
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to apply this current to the light-emitting cell OLED, thereby resulting in the light-emitting 
cell OLED emitting light having a brightness corresponding to the video signal. 

[0020] At the same time, the second driving TFT T2 applies a current id fed from the 
supply voltage line VDD, via the first switching TFT T3, to the data electrode line DL. 
Because the first and second driving TFTs T1 and T2 form a current mirror circuit, the same 
current flows in the first and second driving TFTs T1 and T2. Meanwhile, the storage 
capacitor Cst stores a voltage from the supply voltage line VDD corresponding to the current 
id flowing into the second driving TFT T2. Further, the storage capacitor Cst turns on the first 
driving TFT T1 using a voltage stored therein when the gate signal becomes an OFF signal to 
turn off the first and second switching TFTs T3 and T4, thereby applying a current 
corresponding to the video signal to the light-emitting cell OEL. 

[0021 j Herein, the related art driver 20 applies a desired current to the PE cell 22 in 
correspondence with data from the timing controller 24. In other words, the related art data 
driver 20 drives the PE cells 22. 

[0022] The related art data driver 20 includes a plurality of data driving integrated 
circuits (IC’s), each of which is configured as shown in Fig. 4. 

[0023] Referring to Fig. 4, the data driver 20 includes a shift register 40, a first latch 
42, a second latch 44 and a current driver 46. 

[0024] The shift register 40 sequentially shifts a source start pulse SSP from the 
timing controller 24 in response to a source sampling clock SSC to thereby output a sampling 
signal. 

[0025] The first latch 42 sequentially samples data from the timing controller 24 for 
each data line in response to the sampling signal from the shift register 40 and latches the 
sampled data. The first latch 42 includes i latches (wherein i is an integer corresponding to 
the number of data tines) for latching i image data, each of which has a certain number of 
data bits. The image data stored in the first latch 42 is then supplied to the second latch 44. 

[0026] The second latch 44 temporarily stores the image data from the first latch 42 
and simultaneously outputs the stored image data in response to a source output enable signal 
SOE from the timing controller 24. 

[0027] The current driver 46 produces a current to be applied to the PE cell 22 
corresponding to the data received from the second latch 44. This will be described with 
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reference to Fig. 5. The current driver 46 includes i current driving blocks 48 for each data 
line. The current driving block 48 receives data from the second latch 44 and produces a 
current id corresponding to the data using a gamma current signal corresponding to the 
received data. Thus, a current id corresponding to a desired video signal is applied to each of 
the data lines DL, thereby displaying a desired image corresponding to the image data. 

[0028] As described above, the related art EL display device drives the PE cell 22 
only with a current. However, if the PE cell 22 is driven only with a current, then a problem 
arises in that certain desired gray levels are unable to be displayed. In other words, the 
conventional EL display device supplies a current value chcmging in increments on the order 
of about a pA in correspondence with a data. For instance, the data driving IC allows a 
current of I pA to flow at a gray level 1 while allowing a current of 2pA to flow at a gray 
level 2. However, if such a current value that changes at a pA level is applied during one 
horizontal period (H), then a voltage corresponding to the current fails to be charged in the 
storage capacitor Cst. In other words, the storage capacitor Cst fails to be charged with a 
voltage corresponding to the current within a limited time (H) because the PE cell 22 is 
driven only with a current, and hence a problem arises in that a desired gray level of picture 
fails to be displayed. 



SUMMARY OF THE INVENTION 

[0029] Accordingly, the present invention is directed to an electro-luminescence 
display device and driving method thereof that substantially obviates one or more of the 
problems due to limitations and disadvantages of the related art. 

[0030] An advantage of the present invention is to provide a current and voltage 
signal to a OLED pixel element. 

[0031] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and other advantages of the invention 
will be realized and attained by the structure particularly pointed out in the written 
description and claims hereof as well as the appended drawings. 

[0032] To achieve these and other advantages and in accordance with the purpose of 
the present invention, as embodied and broadly described, an electro-luminescence display 
device, including gate lines, data lines crossing the gate lines, pixel cells at crossings of the 
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gate lines and the data lines, a gate driver that sequentially applies a gate signal to the gate 
lines during one horizontal period, and a plurality of data driving circuits that apply voltage 
signals to the pixel cells along a gate line during a first time of the horizontal period and 
applying current signals to the pixel cells during a second time after the first time of the 
horizontal period. 

[0033] In another aspect of the present invention, a method of driving an electro- 
luminescence display device, including applying a gate signal to pixel cells along a specific 
horizontal line during a horizontal period, applying a voltage value corresponding to image 
data to the pixel cells during a first time to pre-charge the pixel cells, and applying a current 
value corresponding to the image data to the pixel cells during a second time after the first 
time to display an image corresponding to the image data. 

[0034] In another aspect of the present invention, a method of driving an electro- 
luminescence display device, including applying a gate signal from a gate driver during each 
horizontal period to select pixel cells along specific horizontal line, applying a voltage value 
corresponding to image data from a voltage driver to the pixel cells during a first time of the 
horizontal period; and applying a current value corresponding to the image data to the pixel 
cells during a second time after the first time. 

[0035] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and together with the description serve 
to explain the principles of the invention. 

[0037] In the drawings: 

[0038] Fig. 1 is a schematic section view showing a structure of an organic light- 
emitting cell in a general electro-luminescence display panel according to the related art; 

[0039] Fig. 2 is a block diagram showing a configuration of a related art electro- 
luminescence display panel; 
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[0040] Fig. 3 is an equivalent circuit diagram of each pixel cell PE shown in Fig. 2; 

[0041] Fig. 4 is a block diagram showing a configuration of a data driving integrated 
circuit included in the data driver shown in Fig. 3 according to the related art; 

[0042] Fig. 5 is a block diagram of the current driver shown in Fig. 4 according to the 
related art; 

[0043] Fig. 6 is a block diagram showing a configuration of a data driving integrated 
circuit according to an embodiment of the present invention; 

[0044] Fig. 7 is a block diagram of the current driver and the voltage driver shown in 

Fig. 6; 

[0045] Fig. 8 depicts a polarity of the control signal shown in Fig. 7; and 

[0046] Fig. 9 is a block diagram showing a configuration of the current driver and the 
voltage driver connected to the pixel cell. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0047] Reference will now be made in detai I to an embodiment of the present 
invention, example of which is illustrated in the accompanying drawings. 

[0048] Fig. 6 shows a data driving integrated circuit (IC) according to an embodiment 
of the present invention for a data driver of an EL display device. 

[0049] In Fig. 6, the data driver IC according to the embodiment of the present 
invention includes a shift register 50, a first latch 52, a second latch 54 and a current driver 
56. 

[0050] The shift register 50 sequentially shifts a source start pulse SSP from the 
timing controller in response to a source sampling clock SSC to thereby output a sampling 
signal. Herein, the shift register 50 includes i shift registers for the purpose of outputting i 
sampling signals when the data driving IC has i channels (wherein i is an integer). 

[0051] The first latch 52 sequentially samples a image data from the timing controller 
for each data line in response to the sampling signal from the shift register 50 and latches the 
sampled data. The first latch 52 includes i latches for latching i image data, each of which has 
a certain number of data bits. The image data stored in the first latch 52 is then supplied to the 
second latch 54. 
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10052] The second latch 54 temporarily stores the image data from the first latch 52 
and simultaneously outputs the stored image data in response to a source output enable signal 
SOE from the timing controller. 

[0053] The driver 56 applies one of a current signal and a voltage signal to the data 
lines DL in response to a control signal CS from the timing controller. When a current signal 
is applied to the data lines DL, a current flows from the PE cell into the driver 56. On the 
other hand, when a voltage signal is supplied to the data lines DL, it is also applied to the PE 
cell to pre-charge the PE cell. 

[0054] To this end, the driver 56 includes a current driver 58 and a voltage driver 60. 
The current driver 58 produces a current corresponding to data from the second latch that 
flows from the PE cell 22, thereby displaying an image corresponding to the data at the PE 
celt. The voltage driver 60 applies a voltage corresponding to the data from the second latch 
to the PE cell, thereby pre-charging a voltage value corresponding to the data into the PE cell. 

[0055] The voltage driver 60 receives a gamma voltage signal from a gamma voltage 
driver (not shown). Specifically, the gamma voltage part applies a plurality of gamma voltage 
signals having different voltage values to the voltage driver 60, and the voltage driver 60 
selects a gamma voltage signal corresponding to the data from the second latch 54 from the 
plurality of gamma voltage signals, and applies the selected gamma voltage to the data lines 
DL. 

[0056] Meanwhile, as shown in Fig. 7, the current driver 58 includes i current driving 
blocks 62, where i is the number of data lines DL, and a first switching device 64. The 
driving blocks 62 are connected, via the first switching device 64, to the data lines DL. 
Further, as shown in Fig. 7, the voltage driver 60 includes i voltage driving blocks 66 and a 
second switching device 68. The voltage driving blocks 66 are connected, via the second 
switching device 68, to the data lines DL. 

[0057] The current driving block 62 selects a gamma current signal corresponding to 
the data supplied from the second latch 54, and allows a current corresponding to the data 
flow from the PE cell using the selected gamma current signal. The voltage driving block 66 
selects one of a plurality of gamma voltage signals from the gamma voltage driver 
corresponding to the data from the second latch 54 and applies the selected gaunma voltage 
signal to the data lines DL to pre-charge the PE cell. 
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|0058| The first switching device 64 electrically connects the data line DL with the 
current driving block 62 in response to a first polarity (e.g., a low state) of the control signal 
CS. A desired current value flows in the data line DL under control of the current driving 
block 62. The second switching device 68 electrically connects the data line DL with the 
voltage driving block 66 in response to a second polarity (e.g., a high state) of the control 
signal CS. At this time, a desired voltage value is applied to the data line DL under control of 
the current driving block 66. 

[0059] As shown in Fig. 8, the control signal CS has a high state and a low state in 
one horizontal period (H). During a first time T1 when the control signal CS has the second 
polarity (i.e., high state), the second switching device 68 is turned on to thereby apply a 
gamma voltage signal corresponding to the data from the second latch 54 to the data lines 
DL. As a result, the PE cells are pre-charged with a gamma voltage valve VD corresponding 
to the data. Further, during a second time T2 when the control signal CS has the first polarity 
(i.e., low state), the first switching device 64 is turned on, thereby allowing a current value 
corresponding to the data to flow into the data lines DL. Also, the PE cells are pre-charged to 
a voltage value corresponding to the data, and an image corresponding to the data is 
displayed. 

[0060] The first time T1 may be set to be shorter than the second time T2. In other 
words, in this embodiment of the present invention, a voltage value is pre-charged into the PE 
cell during the first time Tl, which is a small portion of the horizontal period (H) while a 
current is applied to the PE cell during the second time T2, which is a large portion of the 
horizontal period (H), thereby pre-charging a desired voltage into the PE cell and displaying 
an image corresponding to the data. 

[0061 1 The operation of the EL display device according to this embodiment of the 
present invention will be described in detail with reference to Fig. 9. First, a gate signal is 
supplied from a gate driver 72 to select the PE cells 70 along a specific horizontal line. 
Because the configuration of the PE cell 70 is identical to that in Fig. 3, its operation was 
previously explained. When a gate signal is applied, the first and second switching TFTs T3 
and T4 are turned on. 

[0062] As shown in Fig. 8, during an initial time of one horizontal period (H), that is, 
the first time Tl, the second switching device 68 is turned on. Thus, a gamma voltage signal 
corresponding to the data is supplied from the voltage driving block 66 to the data line DL. 
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Because the first and second switching TFTs T3 and T4 have been turned on, the gamma 
voltage signal is charged, via the first and second switching TFTs T3 and T4, onto the storage 
capacitor Cst. In other words, during the first time Tl, a voltage value corresponding to the 
data is pre-charged onto the storage capacitor Cst. 

[00631 Next, during the second time T2, the second switching device 68 is turned off 
while the first switching device 64 is turned on. In other words, the first and second switching 
devices 64 and 68 are alternately turned on. When the first switching device 64 is turned on, 
the current driving block 62 is electrically connected, via the first switching device 64, to the 
data line DL and the first and second switching TFTs T3 and T4 and to the gate terminals of 
the first and second driving TFTs Tl and T2. As a result, the first and second driving TFTs 
Tl and T2 are turned on. When the second driving TFT T2 is turned on, a current from the 
supply voltage line VDD is applied, via the first switching TFT T3, to the current driving 
block 62. This results in a current flowing via the first switching TFT T3 that is determined 
by the gamma current signal selected in response to the data inputted to the current driving 
block 62. 

[0064] Because the first and second driving TFTs Tl and T2 form a current mirror 
circuit, the same current flows into the first driving TFT Tl. Thus, the light-emitting cell 
OLED emits light having a brightness corresponding to the current supplied from the first 
driving TFT Tl, to thereby display a desired image on the panel 74. Further, a desired voltage 
is stored in the storage capacitor Cst in such a manner so as to correspond to a current amount 
flowing into the second driving TFT T2. Because the storage capacitor Cst has been pre- 
charged with a data voltage during the first time Tl, it is charged with a sufficient voltage 
corresponding to the current amount. Further, when a gate signal is inverted into an OFF 
signal to turn off the first and second switching TFTs T3 and T4, the storage capacitor Cst 
turns on the first driving TFT Tl using the voltage stored therein, thereby applying a current 
corresponding to the video signal to the light-emitting cell OLED. 

[0065] In other words, the present EL display device charges the PE cell 70 using a 
voltage value during a pre-charging interval that is a portion of one horizontal period (H), 
thereby charging a voltage value corresponding to the data into the PE cell 70. Next, the EL 
display device allows a current value corresponding to the data to flow into the PE cell 70 
during the remaining interval of one horizontal period (H), thereby sufficiently charging an 
accurate voltage value corresponding to the data into the PE cell 70. Accordingly, the EL 
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display device according to the embodiment of the present invention can display an image 
having a desired gray level and thus improve image quality. 

[0066] As described above, according to the present invention, a voltage value is 
applied to the pixel cells during an initial interval of one horizontal period when a gate signal 
is applied to pre-charge the pixel cells. Further, a current value corresponding to the data can 
flow from the pixel cell during the remaining interval of one horizontal period, and thus an 
accurate voltage value corresponding to the data is pre-charged into the pixel cells. 
Accordingly, the pixel cells are pre-charged with the aid of a voltage value, thereby 
generating light having a gray level value corresponding to the data from the pixel cells and 
thus improving image quality. 

[0067] It will be apparent to those skilled in the art that various modifications and 
variation can be made in the present invention without departing from the spirit or scope of 
the invention. Thus, it is intended that the present invention cover the modifications and 
variations of this invention provided they come within the scope of the appended claims and 
their equivalents. 
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